Background-The American Academy of Pediatrics and other organizations recommend several screening tests as part of preventive care. The proportion of children who are appropriately screened and who receive follow-up care is low.
Introduction
Prevention of mortality and morbidity secondary to many conditions depends on effective screening and referral procedures in pediatric primary care. 1 For many conditions, such as iron-deficiency anemia, autistic spectrum disorder, and vision and hearing problems, early detection from broad-based, primary screening with timely follow-up care enables children with these conditions to receive treatment that affects long-term health outcomes. The American Academy of Pediatrics, Bright Futures, and other organizations recommend screening procedures for several specific conditions. 2, 3 Although many children receive some screening via public health or school-based mechanisms, most screening beyond the newborn period occurs within the context of the primary care office at well-child visits. Even with clear, readily-accessible recommendations, quality of screening in primary care is sub-optimal, 4 leaving children at risk when conditions are not identified. Reasons for this quality gap include lack of knowledge of recommendations, 5, 6 presumed patient refusal, 5 lack of time, 6 lack of office staff support, 6 inadequate reimbursement, 7 and inadequate referral resources for those found to have a problem detected through screening. 7 Several interventions have potential to improve screening in primary care settings 8 and have been studied to some extent in adults. 9 However, which practice-level interventions are most effective for improving screening in pediatric primary care is not known. Interventions in pediatrics may have a different impact compared to adult populations, for several reasons. 10 First, children generally seek health care and make decisions through a proxy, usually a parent. Second, children undergo more rapid developmental changes, and screening recommendations change with each well-child visit. Third, most conditions for which children are screened are not thought of as potentially life-threatening, in contrast to cancer screening in adults, which may affect the importance providers and parents place on screening in children. Examining interventions that improve receipt of recommended screening in pediatrics may help physicians and policymakers identify changes most likely to benefit a broader population and may inform a research agenda to address questions about how to improve the quality of screening in pediatric practices.
We undertook this systematic review as part of a larger project to examine evidence regarding six core objectives of the Maternal and Child Health Bureau 11 for care for children with special health care needs. Previously, we reviewed the evidence regarding receipt of family-centered care 12 and services to transition to adult providers; 13 having a medical home; 14 and having adequate health insurance coverage. 15 We now review evidence for the objective that all children are screened early and continuously for special health care needs. Because high-quality screening in primary care is necessary for objective, we focused our review on office-based interventions to increase the proportion of children receiving recommended screening. Our specific research question was, what is the evidence for interventions to improve such screening in primary care settings? As a secondary objective, we also examined interventions to improve follow-up or referral completion, once screening tests identified concerns.
Methods
To guide our search strategy (Table 1) , we constructed a logic model 16 (Figure 1 ) that depicts the health conditions for which screening tests are recommended, interventions, and outcomes of interest. In developing and refining the model, we held a conference with relevant experts, including policymakers, family advocates, and researchers in the field of improving care for children with special health care needs. The purpose of this panel was to guide the systematic reviews around the MCHB core objectives, and the panel discussed and made recommendations for our logic model and search strategy.
Screening tests
To select the screening tests and corresponding specific conditions for inclusion in our search, we reviewed recommendations for preventive care screening from Bright Futures/ American Academy of Pediatrics, the US Preventive Services Task Force, and the Centers for Disease Control. We selected screening tests for conditions such as developmental delay, mental health conditions, vision problems, hearing problems, lead poisoning, anemia, hypertension, sexually transmitted infections, and obesity. We did not include conditions detected by newborn screening or prenatal screening, since testing procedures and much of the follow-up occurs not in primary care but in hospitals and in conjunction with state public health authorities. literature of interventions to improve quality of other functions of primary care practices (e.g., vaccination) and recommendations from our expert panel.
Interventions included practice-level initiatives such as provider/staff education sessions and materials, quality improvement initiatives, and improvements in office workflow. Our search included interventions to improve patient identification for screening, particularly changes that led to automated identification, such as chart flagging, electronic medical record (EMR) reminders, and patient registries. We also searched for interventions that involved pay-for-performance initiatives targeted toward screening.
Outcomes
Our primary outcomes were the proportion of children appropriately screened, and proportion of children with abnormal screening results who received follow-up care. Appropriateness of screening was determined by the individual studies. Because follow-up care can vary among patients due to family preferences and available referral options, we broadly defined follow up care as any action by the provider that would advance a plan for additional screening, evaluation or treatment prompted by an abnormal result. This definition included discussing abnormal results with parents and patients, retesting patients, and referring to specialists or community resources for further treatment or evaluation. We also included search terms to capture secondary outcomes derived from the Institute of Medicine domains of healthcare quality. 17
Database search
We conducted a systematic search of Medline (Jan 1961-Aug 2010) for titles and abstracts relevant to our research question. We queried for articles containing MeSH terms in each of the columns in Table 1 , i.e., containing terms that represented a condition, a setting, and an outcome/intervention. We also reviewed bibliographies of selected articles, as well as bibliographies of review articles related to our search. For the bibliography reviews, when we found a potentially relevant title that was missed during the previous search, we obtained the article's Medical Subject Heading (MeSH) terms from the Medline citation to determine why the article was missed. We then refined the search to include omitted MeSH terms, reran the search and reviewed the additional abstracts. We limited our search to Englishlanguage articles studying children and youth aged 0-18 years.
Selection of articles
Two reviewers (JV and AAK) screened titles and abstracts for inclusion in the group of articles for full-text review. Abstracts were selected if the study examined a recommended screening practice and the study was performed in a primary care setting in the United States. Some returned studies included both adults and adolescents, and we included articles if >50% of participants were under age 21 years. Abstracts that lacked detail to make this determination also underwent full-text review. If the abstract was not appropriate for inclusion in the review but possibly referenced relevant articles, the full-text version was obtained and the bibliography scanned. The reviewers met to resolve discrepancies by discussion and mutual agreement. Each reviewer then abstracted a subset of articles using a structured form to report interventions, populations, settings, and outcomes. After abstraction, reviewers finalized the list of articles to be included in the review through discussion and agreement. Reviewers overlapped on a random selection of approximately 20% of abstracted articles. Abstractions were qualitatively reviewed to assess for agreement, and abstracted screening rates and descriptions of the interventions were verified through a second review of the full text articles. We did not contact authors of the studies for further details. No formal assessment of study quality was done using standardized tools, but we grouped studies using a hierarchy of study design quality (e.g., RCTs, designs with control groups, and uncontrolled studies) and reported elements of potential bias in our description of the studies.
Specific categories of excluded studies
We excluded studies to validate screening tools and studies that documented poor-quality screening or follow-up without interventions. We also excluded studies that assessed only feasibility of screening in primary care practices without specific attention to long-term, generalizable changes within the practice (e.g., studies where the intervention was limited to research assistants performing screening procedures). We excluded articles that lacked explicit outcomes related screening or follow-up care.
Results
The final search strategy identified 2547 titles ( Figure 2 ). After reviewing titles and abstracts, 105 articles underwent full-text review. Eight articles that underwent full-text review were initially identified from bibliographies of selected articles. Reviewers completed data abstraction for 29 of the 105 full-text articles. Of these 29 articles, 23 met criteria for inclusion in the final review ( Table 2 ). Common reasons for exclusion were because no intervention was tested, proportion of patients screened was not measured, or the patient population was primarily adult-aged. The included 23 articles were 5 randomized controlled trials and 18 observational studies. Among the randomized trials, the practice was usually the unit of randomization. Among the observational studies, 9 used pre-post designs, 3 were post-intervention comparisons with a concurrent control group, 3 reported findings using time-series design where the outcome was measured at regular intervals after the intervention was initiated, and 3 were post-intervention, cross-sectional analyses with no comparison group. The diversity of interventions and outcomes prevented any metaanalysis.
Types of interventions
The studies described several different types of interventions. The most common interventions were 1) changes to office systems, usually part of a formal quality improvement program such as a learning collaborative, 2) physician and staff education, sometimes facilitated by a "physician champion" of a specific screening test, 3) electronic medical record enhancements (e.g., prompts), and 4) distribution of additional tools for physicians to use when screening or counseling patients. Many studies combined intervention types. In some studies where several practices were enrolled in a quality improvement initiative, specific changes were chosen by each practice. In several studies, quality of preventive care screening was measured along with other preventive care outcomes (e.g., immunizations, preventive care visit attendance, etc).
Twelve articles from ten separate studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] used interventions based largely on learning collaborative methods, including plan-do-study-act cycles and facilitated contact with other intervention practices. Typically, small teams of practitioners and staff from intervention practices addressed barriers related to office system design, provider and staff knowledge gaps, and workflow. Specific changes included chart flagging or routine chart review by non-physician staff to identify patients behind in testing. For some studies, multiple practices participated, multiple screening tests and other preventive care elements were targeted for improvement, and practices were at liberty to choose from several recommended changes those they deemed most likely to work in their practice. Thus, the specific changes associated with the global intervention varied among individual practices. Post-intervention screening ranged from 39-94% of patients screened appropriately. Improvement from baseline varied widely, from 0-80%. Improvement tended to be greater if pre-intervention screening was low or non-existent and if the focus of the intervention was narrowed to specific screening tests or a specific area, such as the study reported by King et al. from a learning collaborative on developmental screening and services. 24 Five articles [30] [31] [32] [33] [34] described interventions to implement screening using provider training and/or tools for facilitating conversations with parents, such as provider sheets to prompt screening questions or patient questionnaires. These interventions focused on screening for obesity, developmental or mental health problems, or adolescent risky behaviors. Postintervention screening ranged from 28% (for BMI calculations) 32 to 94% (vision screening). 34 Two articles 35, 36 examined associations between implementing the Healthy Steps program and screening. Healthy Steps is designed for first-time parents and provides co-located developmental specialists to enhance well-child visits. 35 Parents also receive home visits, telephone access for developmental questions, written materials, and linkages to community resources. Screening of patients enrolled in Healthy Steps was compared to screening of same-aged patients not enrolled in Healthy Steps (e.g., second-born children) after implementation. Screening for lead poisoning and anemia did not markedly change, but developmental screening doubled, from 41-43% to 82-84%.
Three studies 27, 37, 38 examined the effect of EMR enhancements, such as EMR templates and reminders, with varying results. With EMR templates to prompt providers to elicit developmental concerns, screening improved to 65-73% of patients for various areas of development, significant increases from baseline. 37 EMR reminders enabled near universal screening (99%) of patients if providers were able to obtain lead levels at the visit, but only 41% for patients required by insurance to have levels drawn off-site. 38 For Chlamydia screening, reminders had no effect compared to patient charts without reminders. 27 In two studies, 39 that a nurse-driven protocol to identify and screen patients was highly effective and achieved essentially universal screening in one practice. 39 Block et al. found that a similar intervention achieved improved documentation of a follow up plan for elevated lead levels, but smaller improvements for follow-up testing and parent education. 40
Interventions to increase follow up of abnormal screening results
We found little evidence about interventions to improve post-visit follow-up or referral completion, once screening tests identified concerns. As mentioned, Block et al. 40 examined the effect of a nurse-driven protocol to increase retesting and parent education for abnormal lead levels. Retesting increased to 65% of those with abnormal levels, and 32% of families with persistently high levels received education. Two other studies 31, 33 examined discussion with patients and parents following screening tests for behavior problems or risky behaviors. Both studies found that patient/provider handouts facilitated discussion of problems detected using formal assessment tools. Schonwald et al. 30 demonstrated that referrals for developmental evaluation remained the same, despite increases in use of formal screening tools.
Discussion
Three key findings emerged from this review of interventions to improve the quality of preventive care screening in pediatric primary care settings. First, most studies reported improved quality of screening post-intervention, usually a modest improvement, although differences were variable across and within studies. Second, because of variable findings, heterogeneous interventions, and relatively few studies with control groups, we could not discern whether a particular type or form of intervention is superior for improving screening. However, we saw patterns where successful interventions tended to emphasize collaborative learning, office-systems changes, and tracking progress over time. Third, we found few interventions that aimed to improve follow-up of abnormal screening results, which offers opportunities for further investigation.
From the articles reviewed, we found screening in pediatric offices generally improved after interventions were implemented. In studies where pre-and post-intervention outcomes with statistical testing were reported, over 80% of interventions demonstrated improvement in at least one area of screening. However, results varied, ranging from no change to an 8-fold increase in the proportion of children screened, and many studies could not control for secular trend with their study designs. The magnitude of the impact of interventions seemed greater when pre-intervention screening was low, and multi-faceted interventions implemented through a learning collaborative structure appeared to be, of all intervention types, more robustly studied and relatively effective. Otherwise, this review identified little regarding the patterns of variable effects or reasons for them, including type of screening or type of intervention. In addition, results varied among practices implementing similar interventions; even when an intervention was introduced in multiple practices as a single study, effects typically varied from practice to practice. No study objectively measured contextual factors (e.g., practice's motivation to change, staff capacity for the intervention), although some studies included qualitative discussion on contextual reasons for variability in findings across practices (e.g., physician champion left the practice).
With the exception of four studies, fewer than 85% of patients were appropriately screened post-intervention, with most studies reporting post-intervention screening between 50-75%. This finding, which mirrors findings in adult studies, 41 suggests that some patients miss screening despite often intensive office-based improvements. Studies in our review that examined characteristics of patients who were not screened found various associations with less screening, including non-English speaking parents, parents who did not have time to complete the screening tool before seeing the physician, and having to go off-site to complete screening tests. 30, 37, 38 Furthermore, this finding suggests a "ceiling effect" similar to that found with interventions to increase rates of vaccine coverage and well-child visit attendance. 42, 43 The quality of the studies varied, with many using non-randomized study designs, a limited number of practice sites, and with little account for context of the practices receiving intervention. However, five articles reported on randomized trials with consistent positive effects. Most studies were pre-post designs without randomization, and some lacked comparison groups, making it difficult to assess the effect of natural trends over time. Most studies involved multiple practices, but seven studies used only one practice site, limiting the ability to draw conclusions about how broader-based improvement efforts would increase the quality of screening. Because office staff motivation and technological savvy can play a large role in the success of interventions, 44 practices differing in these contextual factors would likely have different results.
Most interventions were multifaceted, involving several alterations in office workflow, physician and staff education, and changes in staff time allocation. While multifaceted interventions generally had more success, as did interventions tailored to best fit specific practices, no systematic approach examined which elements provide the greatest benefit, or why the same intervention performed better in some practices than others. Findings from such a systematic approach could be used to design more efficient interventions and advance the field of quality improvement research.
Few studies examined the quality of follow-up care, and few interventions contained elements specifically targeting follow-up of abnormal tests. However, the few studies that did have follow-up as an outcome found 35-65% of patients did not receive follow up care after an abnormal screening result. This finding indicates the need to include outcomes related to follow-up in studies of screening, and that measuring screening alone may overestimate changes in identification and treatment of conditions.
We found no studies testing the effects of performance incentives or physician feedback. This strategy has been studied more in adult settings for screening 9, 45 and in pediatrics for immunizations, attendance at well-child visits, and management of chronic conditions. 46 Another review of adult cancer screening interventions focused on motivating patients and reducing barriers to care. 47 These reviews found variable effects among similar interventions, with most interventions associated with some increase in screening.
The review has several limitations. Many quality improvement interventions do not reach publication, which could have limited identification of informative studies. The search terms used may not have captured all relevant studies, particularly studies examining quality of follow-up care, for which search terms were difficult to define. Many studies tested heterogeneous interventions that were modified for each practice; some interventions were multifaceted so that practices could choose specific elements to implement. This "cafeteria" approach makes comparing interventions in separate studies difficult and may limit reliability and generalizability. However, tailoring the intervention to the context of the practice likely increased the chance of the desired effect, and is more representative of how it would be applied in actual practice.
Conclusion
Although the quality of studies varied, we found a moderate level of evidence that interventions are effective in improving screening in pediatric practices. This review also reveals several avenues for future study that will guide policy makers and practitioners in what specific interventions provide the most value.
Interventions reviewed here appeared to have ceiling effects, which invites the question, given the broad aims of pediatric primary care, what should be the goals for screening, and is there a point of diminishing return where a practice's extra efforts exceed the value of the gain? Policies around reimbursement based on screening performance should match the right amount of effort to achieve the right rate. Also, improving screening rates from a high baseline will likely require different interventions; near-perfect screening may not be achievable without a large degree of automation and standardization and multiple layers of double-checks performed by non-clinicians or through electronic mechanisms. Lastly, when aiming for high proportions of children appropriately screened, defining the right denominator becomes increasingly important and worth measuring accurately and thoughtfully. A denominator measured by well child visits, versus empanelled patients, might drive different interventions with ultimately different outcomes.
No single type of intervention arose as consistently more effective in increasing screening quality, and few studies addressed the critical issue of assuring adequate follow-up. This review did not identify specific interventions that work better than others, however multifaceted, practice-tailored interventions with ongoing outcome assessment seemed to be effective, and most comprehensively evaluated. Policies supporting such interventions broadly will likely lead to earlier detection and more effective treatment for a large population of children. Quality improvement activities are now required for maintenance of board certification, and many local health systems and payers ask or require practices to participate. Medical societies, such as the American Academy of Pediatrics, can help provide infrastructure to encourage efforts by individual practices. 
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Maternal and Child Health Bureau
HS
Flow of titles, abstract and articles included in review
PEDS
Not measured 61% Intervention: Implementation of developmental screening using PEDS • 1-hour provider and staff training; physician champion who was available to answer questions from providers and staff.
• Offered as option for referral a second-stage screening service at the practice staffed by an educational specialist
